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[Title of the Invention] LIQUID CRYSTAL DISPLAY PANEL AND 

A MANUFACTURING METHOD THEREFOR 
[Abstract] 

[Object] To provide a liquid crystal display panel which 
is manufactured using a dropping injection method and a 
method for manufacturing the same, which can prevent 
contamination of liquid crystal owing to contact with a 
sealing material and has excellent display quality. 

[Solving Means] A convex part 13 is formed between a 
display region of a substrate 11 on which TFT or the lilce is 
formed and a region on which a sealing material 16 is coated. 
The convex part 13 is formed by exposing and developing a 
photosensitive resin film. Vertically oriented films 14, 15 
are formed on a top part of the convex part 13 and a surface 
of a second substrate 12 facing the convex part 13. 
Thereafter, the sealing material 16 is coated on the 
substrate 11, spacers having diameters larger than height of 
the convex part 13 are dispersed, the substrates 11, 12 are 
superposed and liquid crystal 17 is diffused. At the convex 
part 13, diffusion speed of the liquid crystal 17 becomes 
very slow and meanwhile the sealing material 16 is hardened. 

[Claims] 

[Claim 1] A liquid crystal display panel which has first 
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and second substrates disposed opposite to each other and a 
liquid crystal filled between the first and second 
substrates and controls the amount of light passing through 
a display region for each pixel to display an image, 
comprising: 

a convex part which is formed in a frame shape to 
surround the display region on the first substrate and has 
gap with the second substrate; 

a vertically oriented film formed on a top part of the 
convex part and the surface of the second substrate opposit 
to the convex part; and 

a sealing material which are spaced from the convex 
part at the outside of the convex part and hermetically 
seals the space between the first and second substrates. 

[Claim 2] A liquid crystal display panel which has 
first and second substrates disposed opposite to each other 
and a liquid crystal filled between the first and second 
substrates and controls the amount of light passing through 
a display region for each pixel to display an image, 
comprising: 

a convex part which is formed in a frame shape to 
surround the display region on the first substrate and has 
gap with the second substrate, and of which a top part 
contacts with a liquid crystal stopping convex part; 

orientation dividing convex parts which are formed in 
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pixel regions of the first and second substrates, 
respectively; 

spacer convex parts which are formed between the pixel 
regions of the first and second substrates and of which a 
top parts contact with each; 

a vertically oriented film formed on the display region 
of the first and second substrate and the top part of the 
liquid crystal stopping convex part; and 

a sealing material which are formed at the outside of 
the liquid crystal stopping convex part and hermetically 
seals the space between the first and second substrates. 

[Claim 3] A method for manufacturing a liquid crystal 
display panel which has first and second substrates disposed 
opposite to each other, a sealing material for hermetically 
sealing the space between the first and second substrates, 
and a liquid crystal filled between the first and second 
substrates, and controls the amount of light passing through 
a display region for each pixel to display an image, 
comprising the steps of: 

forming a convex part on a frame-shaped region 
surrounding the display region and spaced from a region for 
covering the sealing material on the first substrate; 

forming a vertically oriented film on a top part of the 
convex part; 

forming a vertically oriented film on at least a region 
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of the second substrate opposite to the convex part of the 
first substrate; 

coating the sealing material on at least one of the 
first and second substrates; 

spraying spacers having a diameter larger than the 
height of the convex part on any one of the first and second 
substrates; 

dropping a liquid crystal on any one of the first and 
second substrates; and 

superposing the first and second substrates to diffuse 
the liquid crystal between the first and second substrates 
and sticking the first and second substrates by the sealing 
material . 

[Claim 4] The method according to Claim 3, wherein the 
convex part is formed of black resin. 

[Claim 5] The method according to Claim 3, wherein the 
sealing material is harden after the first and second 
substrates are superposed and before the liquid crystal goes 
over the convex part. 

[Claim 6] The method according to Claim 3, wherein the 
liquid crystal is divided into a plurality of places on one 
substrate and is dropped. 

[Claim 7] A method for manufacturing a liquid crystal 
display panel which has first and second substrates disposed 
opposite to each other, a sealing material for hermetically 
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sealing the space between the first and second substrates, 
and a liquid crystal filled between the first and second 
substrates, and controls the amount of light passing through 
a display region for each pixel to display an image, 
comprising the steps of: 

forming a photosensitive resin film on the first 
substrates- 
exposing and developing the photosensitive resin film 
on the first substrate and simultaneously forming an 
orientation dividing convex part disposed on a pixel region 
of the first substrate, a spacer convex part disposed 
between the pixel regions, and a frame-shaped liquid crystal 
stopping convex part surrounding the display regions- 
forming a photosensitive resin film on the second 
substrates- 
exposing and developing the photosensitive resin film 
on the second substrate and simultaneously forming an 
orientation dividing convex part disposed on a pixel region 
of the second substrate, a spacer convex part disposed 
between the pixel regions, and a frame-shaped liquid crystal 
stopping convex part surrounding the display regions- 
forming a vertically oriented film on a top part of the 
liquid crystal stopping convex part and the display region 
of the first and second substrates; 

coating the sealing material at the outside of the 
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liquid crystal stopping convex part on at least one of the 
first and second substrates; 

dropping a liquid crystal on any one of the first and 
second substrates; and 

superposing the first and second substrates so that the 
spacer convex parts of the substrates contact with each 
other and sticking the first and second substrates by the 
sealing material. 

[Claim 8] The method according to Claim 7, wherein the 
orientation dividing convex part is formed with a width less 
than that of the spacer convex part, has slope surfaces at 
the both sides, and does not have a flat part at a top part 
thereof. 

[Claim 9] The method according to Claim 7, wherein the 
spacer convex part is formed in a broken line shape. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a liquid crystal 
display panel which is manufactured using a dropping 
injection method and a method for manufacturing the same, 
and more particularly, to a structure of a liquid crystal 
display panel and a method for manufacturing the same which 
is very suitable for a vertically oriented liquid crystal 
display panel. 
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[0002] 

[Description of the Related Art] 

A liquid crystal display device has merits of thinness, 
light weight, and low power consumption, and thus, recently, 
has been widely used in a display of a personal computer or 
a television. Generally, a display panel for composing a 
liquid crystal display device has a structure that a liquid 
crystal is filled between two transparent glass substrates. 
Of two surfaces (opposite surfaces) of the glass substrates, 
one surface has a black matrix, color filters, an opposite 
electrode, and an oriented film formed thereon, and the 
other surface has a TFT (thin film transistor) , a pixel 
electrode, and an oriented film formed thereon. Also, the 
surfaces opposite to the opposite surfaces are attached with 
polarization plates. If the polarization axes of two 
polarization plates are perpendicular to each other, the 
polarization plates transmit light if electric field is not 
applied and the polarization plates shield light if electric 
field is applied, that is, it becomes a normally-white mode. 
Also, if the polarization axes of the two polarization 
plates are parallel with each other, the polarization plates 
shield light if electric field is not applied and the 
polarization plates transmit light if electric field is 
applied, that is, it becomes a normally-blaclc mode. 
[0003] 
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As a method for filling a liquid crystal between two 
substrates, a dip injection method and a dropping injection 
method are known. In the dip injection method, first, a 
sealing, material is coated on any one of the two substrates 
in a frame shape while leaving a portion which becomes a 
liquid crystal injecting port, spherical or cylindrical 
spacers having a uniform diameter are dispersed, and the two 
substrates are adhered to each other by the sealing material. 
Thereafter, the liquid crystal injecting port is immersed in 
the liquid crystal in a vacuum atmosphere and then the 
atmosphere is returned to an atmospheric pressure. Thereby, 
the liquid crystal is injected between the substrates by the 
difference. Next, a sealing material is filled in the 
liquid crystal injecting port to sealing the liquid crystal 
injecting port. Thereby, the liquid crystal display panel 
is completed. 

[0004] 

However, in the dip injecting method, it takes much 
time to sufficiently inject the liquid crystal between the 
substrates and thus manufacturing cost increases. 
Particularly, in a vertically oriented liquid crystal 
display panel in which liquid crystal molecules are 
substantially vertically oriented with respect to the 
substrate surface when a voltage is not applied, wettability 
of the liquid crystal for the vertically oriented film is 



Hll-038424.doc 



- 9 - 



bad and thus the liquid crystal injecting speed becomes 
remarkably slow, compared with a horizontally oriented 
liquid crystal display panel. 
[0005] 

On the other hand, in a dropping injection method, as 
shown in Fig, 10, a sealing material 33 is coated in a frame 
shape to surround a display region 32 (a region having pixel 
electrodes or opposite electrodes formed therein) of one 
substrate 31. Next, as shown in Fig. 11, spacers 34 is 
dispersed on the substrate 31, a liquid crystal 35 is 
dropped, the other substrate 36 superposes the substrate 31, 
a liquid crystal 35 is uniformly diffused between the 
substrates 31 and 36, and the substrates 31 and 36 are 
temporarily adhered to each other by a sealing material. 

[0006] 

Next, a light shielding plate 37 for covering the 
display region is disposed on the substrate 36 and 
ultraviolet rays are irradiated from the side of the 
substrate 36 to harden the sealing material. Thereby, a 
liquid crystal display device is completed. However, in a 
conventional dropping injection method, since the liquid 
crystal 35 contacts with the non-cured sealing material 33, 
the liquid crystal 35 is contaminated and thus display 
failure occurs. In order to avoid this, as shown in Fig. 12, 
a method of forming a barrier 38 made of resin or ceramic in 
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a frame shape, coating the sealing material 33 on the 
outside of the barrier 38, and sticking the substrates 31 
and 36 to each other was suggested (Japanese Unexamined 
Patent Application Publication No. 63-98630) . According to 
this method, the barrier 38 is interposed between the liquid 
crystal 35 and the sealing material 38 and thus the 
contamination of the liquid crystal 35 can be prevented. 
[0007] 

Furthermore, as shown in Fig. 13, a method for forming 
a frame-shaped barrier 39a at the inside of the sealing 
material 33 and forming pillar spacers 39b in a region 
between the pixel electrodes to equalize the cell thickness 
was suggested (Japanese Unexamined Patent Application 
Publication No. 6-194615) . 

[0008] 

[Problems to be Solved by the Invention] 

However, in the method Japanese Unexamined Patent 
Application Publications No. 63-98630 and 6-194615, the 
barrier 38 or 39a separates the liquid crystal 35 and the 
sealing material 33. But, since the cell thickness 
(interval between the substrates, generally, about 4-5 im) 
is determined by the height of the barrier 38 or 39a, it is 
difficult to equalize the cell thickness in case of forming 
a large-scaled liquid crystal display panel. The deviation 
of the cell thickness results in the deviation of 
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transmissivity, which is a cause of an irregular display. 
[0009] 

Recently, even in a vertically oriented liquid crystal 
display panel, a orientation dividing structure that forms a 
plurality of regions in which the orientation direction of 
the liquid crystal molecules are different from each other 
in one pixel to more improve the display quality is needed. 
Generally, the orientation dividing structure is 
accomplished by providing a plurality of regions of which 
the rubbing directions of the oriented films are different 
from each other in one pixel. However, in this method, at 
least two rubbing processes must be performed and thus the 
manufacturing process becomes complicated. In the liquid 
crystal display panel having the orientation dividing 
structure, a manufacturing method by which the deterioration 
of the display quality due to the contact between the liquid 
crystal and the non-cured sealing material can be avoided 
and a manufacturing process can be simplified is required. 
[0010] 

An object of the present invention is to provide a 
liquid crystal display panel which is manufactured using a 
dropping injection method and a method for manufacturing the 
same, which can prevent contamination of liquid crystal 
owing to contact with a sealing material and has excellent 
display quality. Further, another object of the present 
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invention is to provide an orientation dividing liquid 
crystal display panel and a method for manufacturing the 
same, which can prevent contamination of liquid crystal 
owing to contact with a sealing material and can be easily 
manufactured . 
[0011] 

[Means for Solving the Problems] 

In order to solve the above-mentioned problems, there 
is provided s liquid crystal display panel which has first 
and second substrates disposed opposite to each other and a 
liquid crystal filled between the first and second 
substrates and controls the amount of light passing through 
a display region for each pixel to display an image, 
comprising: a convex part which is formed in a frame shape 
to surround the display region on the first substrate and 
has a gap with the second substrate; a vertically oriented 
film formed on a top part of the convex part and the surface 
of the second substrate opposite to the convex part; and a 
sealing material which are spaced from the convex part at 
the outside of the convex part and hermetically seals the 
space between the first and second substrates. 
[0012] 

Further, there is provided a liquid crystal display 
panel which has first and second substrates disposed 
opposite to each other and a liquid crystal filled between 
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the first and second substrates and controls the amount of 
light passing through a display region for each pixel to 
display an image, comprising: a convex part which is formed 
in a frame shape to surround the display region on the first 
substrate and has a gap with the second substrate, and of 
which a top part contacts with a liquid crystal stopping 
convex part; orientation dividing convex parts which are 
formed in pixel regions of the first and second substrates, 
respectively; spacer convex parts which are formed between 
the pixel regions of the first and second substrates and of 
which a top parts contact with each; a vertically oriented 
film formed on the display region of the first and second 
substrate and the top part of the liquid crystal stopping 
convex part; and a sealing material which are formed at the 
outside of the liquid crystal stopping convex part and 
hermetically seals the space between the first and second 
substrates . 
[0013] 

Moreover, there is provided a method for manufacturing 
a liquid crystal display panel which has first and second 
substrates disposed opposite to each other, a sealing 
material for hermetically sealing the space between the 
first and second substrates, and a liquid crystal filled 
between the first and second substrates, and controls the 
amount of light passing through a display region for each 
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pixel to display an image, comprising the steps of: forming 
a convex part on a frame-shaped region surrounding the 
display region and spaced from a region for covering the 
sealing material on the first substrate; forming a 
vertically oriented film on a top part of the convex part; 
forming a vertically oriented film on at least a region of 
the second substrate opposite to the convex part of the 
first substrate; coating the sealing material on at least 
one of the first and second substrates; spraying spacers 
having a diameter larger than the height of the convex part 
on any one of the first and second substrates; dropping a 
liquid crystal on any one of the first and second 
substrates; and superposing the first and second substrates 
to diffuse the liquid crystal between the first and second 
substrates and sticking the first and second substrates by 
the sealing material. 
[0014] 

Further, there is provided a method for manufacturing a 
liquid crystal display panel which has first and second 
substrates disposed opposite to each other, a sealing 
material for hermetically sealing the space between the 
first and second substrates, and a liquid crystal filled 
between the first and second substrates, and controls the 
amount of light passing through a display region for each 
pixel to display an image, comprising the steps of: forming 
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a photosensitive resin film on the first substrate; exposing 
and developing the photosensitive resin film on the first 
substrate and simultaneously forming an orientation dividing 
convex part disposed on a pixel region of the first 
substrate, a spacer convex part disposed between the pixel 
regions, and a frame-shaped liquid crystal stopping convex 
part surrounding the display region; forming a 
photosensitive resin film on the second substrate; exposing 
and developing the photosensitive resin film on the second 
substrate and simultaneously forming an orientation dividing 
convex part disposed on a pixel region of the second 
substrate, a spacer convex part disposed between the pixel 
regions, and a frame-shaped liquid crystal stopping convex 
part surrounding the display region; forming a vertically 
oriented film on a top part of the liquid crystal stopping 
convex part and the display region of the first and second 
substrates; coating the sealing material at the outside of 
the liquid crystal stopping convex part on at least one of 
the first and second substrates; dropping a liquid crystal 
on any one of the first and second substrates; and 
superposing the first and second substrates so that the 
spacer convex parts of the substrates contact with each 
other and sticking the first and second substrates by the 
sealing material. 
[0015] 
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Hereinafter, the operation of the present invention 
will be described. In the present invention, the convex 
part (liquid crystal stopping part) is formed between the 
display region and the sealing material and a vertically 
oriented film is formed the convex part and the surface of 
the substrate opposite to the convex part. Since the 
vertically oriented film has a bad wettability for the 
liquid crystal, the diffusion speed of the liquid crystal 
when superposing the first and second substrates becomes 
slow at the convex part. Also, since the cell thickness 
becomes narrow at the convex part, the diffusion speed of 
the liquid crystal more becomes slow. Thereby, the 
diffusion of the liquid crystal can be stopped at the convex 
part until the sealing material is hardened. 

[0016] 

The wet degree can be expressed by a contact angle 9 
between the oriented film S and the liquid crystal L dropped 
thereon. If the contact angle is large, it is difficult to 
wet the oriented film and the diffusion speed when injecting 
the liquid crystal becomes slow. In case that the wet 
phenomenon is expressed by a surface tension, the following 
equation is made by Young's equation. 

ys = ysl + ylcosG 

Here, ys is surface tension of solid (oriented film), yl 
is surface tension of liquid (liquid crystal), and ysl is 



Hll-038424.doc 



- 17 - 



interface tension between the solid and the liquid (oriented 
film and the liquid crystal) . 
[0017] 

Here, ylcosG is called as a wet tension and is a wet 
degree expressed by free energy. ylcosG represents the 
reduction of the free energy when the solid (oriented film) 
disappears and the interface between the solid and the 
liquid crystal (the oriented film and the liquid crystal) 
appears. If this value is small (that is, if the contact 
angle 9 is large) , it is difficult to wet the oriented film. 
Since the vertically oriented film applies large 9, the 
wettability is bad and the diffusion speed when injecting 
the liquid crystal becomes slow. Thereby, in the present 
invention, as mentioned above, the convex part is formed so 
as to narrow the cell thickness and the diffusion speed of 
the liquid crystal remarkably becomes slow at the convex 
part by the vertically oriented film to harden the sealing 
material before the liquid crystal contacts with the sealing 
material. Thereby, the display quality can be prevented 
from being deteriorated due to the contamination of the 
liquid crystal . 
[0018] 

Also, in case of a vertically oriented liquid crystal 
display panel, if the convex part (orientation dividing 
convex part) is provide in the pixel region, the liquid 
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crystal molecules is oriented in a perpendicular direction 
with respect to the both sides of the convex part and the 
orientation division is accomplished* Also, since the 
convex part (spacer convex part) is provided between the 
pixel regions and the cell thickness is limited by the 
spacers, the process for spraying the spacers is unnecessary. 
Since the convex parts are simultaneously formed of the 
photosensitive resin film, the manufacturing process can be 
simplified. 
[0019] 

[Description of the Embodiments] 

Hereinafter, embodiments of the present invention will 
be described with reference to the attached drawings. 
(First embodiment) 

Figs. 1 and 2 illustrate a method for manufacturing a 
liquid crystal display panel according to a first embodiment 
of the present invention. Also, the present embodiment 
illustrates an example that the present invention is applied 
to a method for manufacturing a vertically oriented liquid 
crystal display panel. 

[0020] 

First, data bus lines, drain bus lines, pixel 
electrodes, and TFTs (not shown) are formed on a transparent 
substrate 11. Also, a liquid crystal stopping convex part 
13 is formed between a display region and a sealing material 
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(region for coating the sealing material) on the substrate 
11. The liquid crystal stopping convex part 13 is formed in 
a frame shape to surround the display region. Also, the 
height of the liquid crystal stopping convex part 13 is 
slightly (about 0.5 pm) lower than a predetermined cell 
thickness. Also, the interval between the convex part 13 
and the display region is, for example, 1.5 mm, and the 
interval between the convex part 13 and the seal line is, 
for example, about 1.5 mm. 
[0021] 

The liquid crystal stopping convex part 13 is formed, 
for example, by a photolithography using photosensitive 
black resin. That is, first, the photosensitive black resin 
is spin-coated on the substrate 11 to form a photosensitive 
resin film. At this time, by controlling the rotation speed 
of the spinner, the film thickness of the photosensitive 
resin film can be controlled. Next, the photosensitive 
resin film is exposed while masking a potion which becomes 
the convex part 13, and then is developed. Thereby', the 
photosensitive resin film which is not exposed is left and 
becomes the liquid crystal stopping convex part 13. 

[0022] 

Next, a vertically oriented film 14 is formed on the 
substrate 11 and is subjected to an orientation process. 
The orientation process is performed by rubbing the surface 
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of the orientation film in a regular direction or 
irradiating ultraviolet rays from a slope direction. On the 
other hand, a black matrix and color filter are formed on 
the transparent substrate 12 and then transparent opposite 
electrodes (not shown) are formed thereon. Further, a 
vertical oriented film 15 is formed on the opposite 
electrodes and is subjected to an orientation process. 
[0023] 

Moreover, a sealing material 16 is coated on the 
outside of the convex part 13 formed on the substrate 11 in 
a frame shape. Also, the sealing material may be coated on 
the substrate 12 or may be coated the both substrates 11 and 
12. Thereafter, spherical or cylindrical spacers having a 
uniform diameter are sprayed on the substrate 11 and a 
liquid crystal 17 is dropped. At this time, as shown in Fig. 
3, it is preferable that the liquid crystal 17 is dispersed 
in a plurality of places of the substrate. Also, it is more 
preferable that the liquid crystal is slightly (about 6-7%) 
more dropped in a portion corresponding to a corner part 
than in the other parts, as shown in Fig. 4. The amount of 
the dropped liquid crystal 17 is more than the volume of the 
space formed in inside of the convex part 13 and is less 
than the volume of the space in the inside of the sealing 
material 16 when superposing the substrate 11 and the 
substrate 12. Further, since an optimal condition such a 
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location of the dropped liquid crystal 17, the number of 
dropping points, and a dropping amount is different 
according to a panel size, it is preferable that an optimal 
condition is previously calculated for each panel size. 
[0024] 

Next, the substrate 12 superposes the substrate 11 at a 
vacuum atmosphere and the substrates 11 and 12 are 
temporarily stuck to each other. At this time, the interval 
between the convex part 13 and the substrate 12 is narrow 
and the vertically oriented films 14 and 15 which can not be 
wet by the liquid crystal 17 are formed, it takes much time 
for the liquid crystal 17 to go over the convex part 13. 
For example, if the interval between the convex part 13 and 
the substrate 12 is 0.5 |jm and the width of the convex part 
13 is 1.0 mm, the time that the liquid crystal goes over the 
convex part 13 is about 10 minutes. Meanwhile, a light 
shielding plate 18 for covering the display region is 
disposed on the substrate 12 and the ultraviolet rays are 
irradiated to harden the sealing material 16. At this time, 
since the liquid crystal 17 enters into the space between 
the convex part 13 and the sealing material 16, the liquid 
crystal 17 is not deteriorated by the ultraviolet rays. 
Also, by forming the liquid crystal stopping convex part 13 
with black resin, the ultraviolet rays are reflected from 
the substrate surface and are prevented from entering into 
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the display region. Thus, the liquid crystal 17 can be 
prevented from being deteriorated by the ultraviolet rays. 
[0025] 

Next, the substrates 11 and 12 which are stuck to each 
other by the sealing material 16 are subjected to an 
isotropic process which is heated at a temperature of 120 °C 
for 60 minutes. By this isotropic process, the viscosity of 
the liquid crystal 17 is temporarily reduced and, as shown 
in Fig. 2, the liquid crystal 17 goes over the convex part 
13 and enters into the space between the convex part 13 and 
the sealing material 16. Also, the space between the convex 
part 13 and the sealing material is trapped. Thereby, a 
liquid crystal display panel is completed. 

[0026] 

In the present embodiment, since the liquid crystal 
stopping convex part 13 is formed between the display region 
and the sealing material 16 and the vertically oriented 
films 14 and 14 are formed on a top part of the convex part 
13 and a surface of substrate facing the convex part 13, it 
talces much time for the liquid crystal 17 to go over the 
convex part 13 when injecting the liquid crystal 17 between 
the substrate 11 and 12 by the dropping injection method, 
and meanwhile the sealing material 16 can be completely 
hardened. Thereby, the liquid crystal 17 is prevented from 
being contaminated due to the contact between the non-cured 
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sealing material 16 and the liquid crystal 17 or the liquid 
crystal 17 is prevented from being optically deteriorated 
due to the ultraviolet rays. Accordingly, the liquid 
crystal display panel manufactured by the present embodiment 
is excellent in the display quality. 
[0027] 

Also, in the present embodiment, since the convex part 
13 formed on the substrate 11 does not contact with the 
substrate 12, the cell thickness is determined by the 
diameter of the spacer. Accordingly, the precise film 
thickness control of the photosensitive resin film which 
becomes the liquid crystal stopping convex part 13 is 
unnecessary, the liquid crystal display panel having a 
uniform cell thickness is obtained, and the irregular 
display due to the deviation of the cell thickness is 
prevented from being generated. Further, in the present 
embodiment, since a space is proved between the sealing 
material 16 and the convex part 13, excessive liquid crystal 
17 or foam is trapped in this space and precise control of a 
liquid crystal dropping amount or a vacuum degree is 
unnecessary. Thereby, the manufacturing margin is enlarged 
and yield is enhanced. 
[0028] 

Moreover, although the method for manufacturing the 
vertically oriented liquid crystal display panel is 
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described in this embodiment, this may be applied to a 
horizontally oriented liquid crystal display panel. In this 
case, in addition to the vertically oriented film formed on 
the display region, vertically oriented films may be formed 
on at least a top part of the liquid crystal stopping convex 
part and a surface of a substrate facing the top part. 
Hereinafter, a result of forming the liquid crystal display 
panel by the above-mentioned method and examining the 
deviation of the cell thickness and a voltage holding ratio 
is described in comparison with a comparative example. 
[0029] 

As a first embodiment, a liquid crystal display panel 
was formed by the above-mentioned method. Further, as a 
first comparative example, a liquid crystal display panel 
without the liquid crystal stopping convex part (see Fig. 
11) was formed, and, as a second comparative example, a 
liquid crystal display panel having a barrier having the 
same height as the cell thickness (see. Fig. 12) was formed. 
In the liquid crystal display panels of the first embodiment 
and the first and second comparative examples, the location 
of the edge (4.5 mm from the seal line) of the display 
region, and the cell thickness and the voltage holding ratio 
of the center of the panel were measured. The results are 
shown in Table 1 . 
[0030] 
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[0031] 



As can be seen from Table 1^ in the liquid crystal 
display panel according to the first embodiment, the 
deviation of the cell thickness at the edge and the center 
of the display region is small and the reduction of the 
voltage holding ratio is low. On the other hand, in the 
first comparative example, the voltage holding ratio at the 
edge of the display region is reduced by about 2% than the 
second comparative example and the first embodiment. This 
is because the liquid crystal is contaminated due to the 
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contact between the non-cured sealing material and the 
liquid crystal or the liquid crystal is deteriorated by the 
ultraviolet rays. Also, in the second comparative example, 
the voltage holding ratio is equal to that of the first 
embodiment, but the deviation of the cell thickness at the 
edge of the display region is large. As the result, in the 
liquid crystal display panel of the second comparative 
example, the transmissivity at the edge and the center of 
the display region was not uniform and the irregular display 
was generated. 
[0032] 

Next, the result of changing the interval between the 
liquid crystal stopping convex part and the substrate 
opposite to the liquid crystal stopping convex part and 
measuring the diffusion speed of the liquid crystal will be 
described. First, a plurality of glass substrates were 
prepared as the first and second substrates. Photosensitive 
black resin {BLACK519: Nippon Kosei rubber) was coated on 
the first substrate by a spin coating method. In this case, 
the rotation number of the spinner is controlled so that the 
cell thickness is 3.5 \Ma and the height of the convex part 
13 is 1-3 urn and thus the photosensitive black resin film 
having a different film thickness was prepared. 

[0033] 

Thereafter, the first substrate was placed on a hot 
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plate and was preheated at a temperature of 90 for 4 
minutes. Next, a region which the liquid crystal stopping 
convex part will be formed was masked with a photomask and 
the ultraviolet rays were irradiated to the first substrate 
with energy of 300 mJ/cm^. In this case, the liquid crystal 
stopping convex part was formed at a location sufficiently 
away from the seal line. 
[0034] 

Next, the photosensitive black resin film was subjected 
to a development process to form the liquid crystal stopping 
convex part in a frame shape. Subsequently, the resin 
composing the liquid crystal stopping convex part was cured 
at a temperature of 220 °C for 30 minutes. As an 
experimental example 1, a vertically oriented film (RN--783: 
Nissan Kakaku) was formed on the liquid crystal stopping 
convex part of the first substrate and the second substrate 
opposite to the convex part and the liquid crystal (MJ95785: 
Merck) was filled between the first and second substrates by 
the dropping injection method. Then, the relationship 
between the interval between the convex part and the second 
substrate and the diffusion speed of the liquid crystal were 
examined. 

[0035] 

Further, as an experimental example 2, a vertically 
oriented film was not formed on the surface of the convex 
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part and the surface to the convex part and the liquid 
crystal (MJ95785: Merck) was filled between the first and 
second substrates. Then, the relationship between the 
interval between the convex part and the second substrate 
and the diffusion speed of the liquid crystal were examined. 
Also, as an experimental example 3, a horizontally oriented 
film (SE-7792: Nissan Kakaku) was formed on the liquid 
crystal stopping convex part and the surface opposite to 
liquid crystal stopping convex part and the liquid crystal 
(MJ95785: Merck) was filled between the first and second 
substrates. Then, the relationship between the interval 
between the convex part and the second substrate and the 
diffusion speed of the liquid crystal were examined. 
[0036] 

Moreover, in the experimental examples 1 and 3, the 
oriented film was coated and then the oriented film was 
cured at a temperature of 200 °C for 60 minute. The results 
of measuring the diffusion speed of the liquid crystal at 
the convex part when filling the liquid crystal in the 
experimental examples 1 to 3 were shown in Fig. 5. As can 
be seen from Fig. 5, in the experimental example 2 having no 
the oriented film on the convex part and the surface 
opposite to the convex part, the diffusion speed of the 
liquid crystal is about 10 mm/minute although the interval 
between the liquid crystal stopping convex part and the 
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second substrate is 0.5 im, and the liquid crystal can not 
stop at the convex part until the sealing material is 
hardened. Also, in the experimental example 2 having the 
oriented film on the convex part and the surface opposite 
to the convex part, the diffusion speed of the liquid 
crystal is about 10 mm/minute although the interval between 
the liquid crystal stopping convex part and the second 
substrate is 0.5 |Jin, and the liquid crystal can not stop at 
the convex part until the sealing material is hardened. 
[0037] 

On the other hand, in the experimental example 1 having 
the oriented film on the convex part and the surface 
opposite to the convex part, the diffusion speed of the 
liquid crystal is about 0.1 mm/minute or less if the 
interval between the liquid crystal stopping convex part and 
the second substrate is 0.5 piti. Accordingly, if the width 
of the liquid crystal stopping convex part is 1 mm, the 
liquid crystal can stop at the convex part for about 10 
minutes and meanwhile the light shielding plate covers the 
display region and the ultraviolet rays are irradiated to 
harden the sealing material. 

(Second embodiment) 

Figs. 6(a) and 6(b) illustrate a method for 
manufacturing a liquid crystal display panel according to a 
second embodiment of the present invention. Also, Fig. 6(a) 
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illustrates a bus line region and a pixel region in a 
display region and Fig. 6(b) illustrates a region between 
the display region and a seal line (non-display region) . 
[0038] 

First, data bus lines, drain bus lines, pixel 
electrodes, and TFTs (not shown) are formed on a transparent 
11. Thereafter, photosensitive resin is coated on the 
substrate 11 to form a photosensitive resin film having a 
film thickness of, for example, 1.75 |jm. Next, the 
photosensitive resin film is patterned by photolithography 
to form an orientation dividing convex part 22a, a spacer 
convex part 21a, and a resin fixing convex part 23a. In 
this case, as shown in Fig. 7, the orientation dividing 
convex part 22a is formed on the display region in a 
straight line shape and the spacer convex part 21a is formed 
on the bus line in a broken line shape. Also, the liquid 
crystal stopping convex part 23a is formed in a frame shape 
to surround the display region. Also, as shown in Fig. 6(a), 
it is preferable that the width of the orientation dividing 
convex part 22a is narrow so that a flat part is generated 
in a top part thereof. Thereafter, a vertically oriented 
film 24 is coated on the substrate 11. 

[0039] 

On the other hand, a black matrix and color filters are 
formed on a transparent substrate 12 and transparent 
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opposite electrodes (not shown) are formed thereon. Also, 
photosensitive resin is coated on the opposite electrodes to 
form a photosensitive resin film having a film thickness of, 
for example, 1.75 pm. Next, the photosensitive resin film 
is patterned by photolithography to form an orientation 
dividing convex part 22b, a spacer convex part 21b, and a 
liquid crystal stopping convex part 23b. Next, a vertically 
oriented film 25 is formed on the substrate 12, 
[0040] 

Next, a sealing material 16 is coated on the substrate 
11 along a seal line, a liquid crystal 17 is dropped, the 
substrate 12 superposes the substrate 11 to diffuse the 
liquid crystal between the substrates 11 and 12, and the 
substrates 11 and 12 are stuck to each other by the sealing 
material 16. At this time, in the display region, the 
spacer convex part 21a of the substrate 11 contacts with the 
spacer convex part 21b of the substrate 12, and thus the 
cell thickness is held with a regular interval (3.5 |jm) . 
Also, in the periphery of the panel, since the vertically 
oriented films 24 and 25 are formed on the top parts of the 
convex parts 23a and 23b and the interval therebetween is 
narrow, the diffusion speed of the liquid crystal becomes 
slow although the liquid crystal 17 enters between the 
convex parts 23a and 23b before the liquid crystal stopping 
convex parts 23a and 23b contact with each other. Thereby, 
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the contact between the liquid crystal 17 and the sealing 
material 16 is avoided. 
[0041] 

Next, a light shielding plate (not shown) is provided 
on the substrate 11 to cover the display region and 
ultraviolet rays are irradiated to harden the sealing 
material 16. Subsequently, an isotropic process is 
performed. Thereby, a liquid crystal display panel is 
completed. In this liquid crystal display panel, since the 
liquid crystal molecules are oriented in a direction 
perpendicular to the slope surface of the orientation convex 
parts 22a and 22b, the oriented directions of the liquid 
crystal molecules are different from the both sides of the 
convex parts 22a and 22b and thus the orientation division 
is accomplished. 

[0042] 

In the present embodiment, since the liquid crystal 
stopping convex parts 22a and 22b are formed between the 
display region and the sealing material 16 and the liquid 
crystal stopping convex parts 22a and 22b prevent the liquid 
crystal 17 and the sealing material 16 from contacting with 
each other, impurities are prevented from being mixed in the 
liquid crystal 17, thereby preventing the display quality 
from being deteriorated. Since the spacer convex parts 21a 
and 21b are formed on the bus line and the cell thickness is 
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uniformly held by the convex parts 21a and 21b, a process of 
spraying spherical or cylindrical spacers is unnecessary and 
thus the manufacturing process is simplified. Also, since 
the orientation division is accomplished using the slope 
surfaces of the orientation convex parts 22a and 22b, the 
display quality can be enhanced. In addition, the 
orientation dividing convex part 22a, the spacer convex part 
21a, the liquid crystal stopping convex part 23a are 
simultaneously formed and the orientation dividing convex 
part 22b, the spacer convex part 21b, and the liquid crystal 
stopping convex part 23b are simultaneously formed, the 
manufacturing process is simplified and thus manufacturing 
cost can be reduced. 
[0043] 

Hereinafter, the result of forming a liquid crystal 
display panel by the present embodiment and examining the 
display characteristics and the deviation of the cell 
thickness will be described in comparison with comparative 
examples. By the above-mentioned method, a plurality of the 
orientation dividing convex parts 22a each having a width of 
5 Mm were formed on the display region of the substrate 11, 
and the spacer convex parts 21a each having a width of 10 
were formed on the bus line. Also, the liquid crystal 
stopping convex parts 23a each having a width 1.0 mm were 
formed on the outside of the display region (See Fig. 7). 
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The interval between the display region and the liquid 
crystal stopping convex part 23a was 1.5 mm. 
[0044] 

A vertically oriented film (JALS-644: Nippon Kosei 
rubber) was coated at the periphery of the display region 
and the liquid crystal stopping convex part 23a by a convex 
plate print. Thereafter, a preheat treatment was performed 
at a temperature of 80 °C for 2 minutes and then a main heat 
treatment was performed at a temperature of 200 °C for 60 
minutes. On the other hand, similar to the substrate 11, 
the orientation dividing convex part 22b, the spacer convex 
part 21b, and the liquid crystal stopping convex part 23b 
were formed on the substrate 12 . 

[0045] 

A small amount of a negative liquid crystal (MJ95785: 
Merck) was dropped on the display region of the substrate 11 
and the substrate 12 superposed the substrate 11, and the 
substrates 11 and 12 were temporarily stuck to each other by 
the sealing material 16. Thereafter, ultraviolet rays are 
irradiated to the sealing material 16 to harden the sealing 
material 16. The deviation of the cell thickness and the 
voltage holding ratio of liquid crystal display panel 
manufactured by this method were measured. The liquid 
crystal display panel of a third comparative example was 
formed similar to the second embodiment except that the 
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liquid crystal stopping convex part is not formed and 
spherical spacers are sprayed instead of the spacer convex 
part . 

[0046] 

With respect to the liquid crystal display panels of 
the second embodiment and the third comparative example 3, 
the deviation of the cell thickness and the voltage holding 
ratio were . examined. The results are shown in Table 2. 

[0047] 



Table 2 





Edge of the display 
region 


Center of the display 
region 




Cell 

thickness 
pm 


Voltage 
holding 
ratio % 


Cell 

thickness 
|Ltm 


Voltage 
holding 
ratio % 


Second 
embodiment 


3 . 5±0 . 1 


97.5 


3.5+0.1 


97.5 


Third 

comparative 
example 


3 . 5±0 . 3 


95.2 


3 . 5±0 . 3 


97.5 



[0048] 



As can be seen from Table 2, in the second embodiment, 
the deviation of the cell thickness is small and the 
reduction of the voltage holding ratio is low. On the other 
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hand, in the third comparative example, the deviation of the 
cell thickness of ±0.3 frni was generated by the orientation 
dividing convex part of the substrate surface. This is 
because the panel is supported by the spacer in the third 
comparative example and thus the spacer 26 is placed on the 
orientation dividing convex parts 22a and 22b as shown in 
Fig. 8 to cause the deviation of the cell thickness. Also, 
the liquid crystal display panel of the third comparative 
example, the voltage holding ratio of the edge of the 
display region is lower than that of the second embodiment 
by 2.3 %. This is because the liquid crystal is 
contaminated due to the contact between the non-cured 
sealing material and the liquid crystal. Further, the 
deviation of the cell thickness is apt to generate a 
irregular stripe pattern and the reduction of the voltage 
holding ratio becomes the cause of the decolorizing. 
[0049] 

Next, the relationship between the width and the shape 
of the convex part which is formed of the photosensitive 
resin will be described. Photosensitive transparent resin 
resist (HRC-'135: Nippon Kosei rubber) was coated on a glass 
substrate by a spinner to form a photosensitive resin film, 
and a preheat treatment was performed at a temperature of 
90 ^^C for 2 minutes on a hot plate. Next, a photomask 
having a pattern was masked and ultraviolet rays were 



Hll-038424.doc 



- 37 - 



irradiated to the photosensitive resin film with energy of 
200 mJ/cm^. 

[0050] 

Thereafter, the photosensitive resin film was subjected 
to the development process to form a convex part, a post- 
exposure process for irradiating the ultraviolet rays with 
energy of 300 mJ/cm^ was performed, and then a main heat 
treatment was performed at a temperature of 200 for 60 
minutes. The relationship between the width and the section 
shape of the convex part formed of the photosensitive resin 
was examined using this substrate. As the result, as shown 
in Fig. 9(a), in a taper structure of a pattern edge, a 
taper width was 2.5 pm and a slope angle was about SO"". 
From this result, it can be seen that the convex part 
suitable as the orientation dividing convex part having no a 
flat part at the top part thereof can be formed by setting 
the width of the orientation dividing convex part to 5 jam or 
less, as shown in Fig. 9{b). Further, as shown in Fig. 9{c), 
the convex part having a flat part (dimension thereof is 3-5 
im) at the top part thereof can be formed by setting the 
width of the spacer convex part to 10 |im or less. 

[0051] 
[Advantages] 

As described above, according to the present invention, 
since a convex part is provided between a display region of 
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a first substrate and a sealing material and a vertically 
oriented film is provided on a top part of the convex part 
and the surface of a second substrate opposite to the convex 
part, the diffusion of the liquid crystal is stopped by the 
convex part and meanwhile the sealing material can be 
hardened when the first and second substrates are superposed 
and the liquid crystal is diffused. Thereby, the contact 
between the liquid crystal and the non-cured sealing 
material can be avoided and thus the deterioration of the 
display quality due to impurities can be avoided. 
[0052] 

Further, in addition to the convex part (liquid crystal 
stopping convex part), by forming an orientation dividing 
convex part and a spacer convex part, the orientation 
division can be accomplished in the orientation dividing 
convex part and the cell thickness of the spacer convex part 
can be uniformly held. Thus, the method for manufacturing a 
vertically oriented liquid crystal display panel having the 
orientation dividing structure can be remarkably reduced and 
the manufacturing time can be shortened. Also, since the 
cell thickness becomes uniform and the reduction of the 
voltage holding ratio can be avoided, the display quality 
can be enhanced and the yield can be enhanced. 
[Brief Description of the Drawings] 
[Fig. 1] 
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Fig. 1 illustrates a method for manufacturing a liquid 
crystal display panel according to a first embodiment of the 
present invention . 
[Fig. 2] 

Fig. 2 illustrates a method for manufacturing a liquid 
crystal display panel according to a first embodiment of the 
present invention . 
[Fig. 3] 

Fig. 3 is a schematic diagram illustrating an example 
of a dropping location of a liquid crystal. 
[Fig. 4] 

Fig. 4 is a schematic diagram illustrating another 
example of a dropping location of a liquid crystal. 
[Fig. 5] 

Fig. 5 illustrates a result of obtaining diffusion 
speed of a liquid crystal at a convex part when sealing a 
liquid crystal. 
[Fig. 6] 

Fig. 6 illustrates a method for manufacturing a liquid 
crystal display panel according to a second embodiment of 
the present invention. 
[Fig. 7] 

Fig. 7 is a schematic diagram illustrating a state of 
arranging an orientation dividing convex part, a spacer 
convex part, and a liquid crystal stopping convex part in 
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the second embodiment. 
[Fig. 8] 

Fig. 8 is a schematic diagram illustrating a state of 
placing a spacer on the orientation dividing convex part. 
[Fig. 9] 

Fig. 9 is a schematic diagram illustrating a 
relationship between a pattern width and a convex part 
section shape. 
[Fig. 10] 

Fig. 10 is a plan view illustrating a method for 
manufacturing a liquid crystal display panel using a 
dropping injection method. 
[Fig. 11] 

Fig. 11 is a cross-sectional view illustrating a method 
for manufacturing a liquid crystal display panel using a 
dropping injection method. 
[Fig. 12] 

Fig. 12 is a cross-sectional view illustrating an 
example of a method for manufacturing a liquid crystal 
display device which prevents the contact of a liquid 
crystal and a sealing material. 
[Fig. 13] 

Fig. 13 is a cross-sectional view illustrating another 
example of a method for manufacturing a liquid crystal 
display device which prevents the contact of a liquid 
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crystal and a sealing material. 
[Reference Numerals] 

11, 12, 31, 36: substrate 

13, 23a, 23b: liquid crystal stopping convex part 

14, 15, 24, 25: vertically oriented film 

16, 33: sealing material 

17, 35: liquid crystal 
18: light shielding plate 
21a, 21b: spacer convex part 

22a, 22b: orientation dividing convex part 
26, 34: spacer 
32: display region 
38, 39a: barrier 
39b: pillar spacer 
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2 oms±icm.^mmm%Bm sxe t , Mieig 2 

leii^tsop^tEs^nfcx-?— 9-ffliaa5sapi5ias 

5^®l||%Hty*M*©J8[Sjt46fflfla5*l^^{cJgfig-r5X 

mt. ttnam 1 Rt>*m 2 (Dm^(ommmmmm±Rifmi 
t . Mias 1 Rtf S 2 ©affiO'>* < i: t -:^oss± 

©Buia}SB^B±i6ffle.gpcD^1.ffll|{CB<JSi^-;Vtt^^flJl-S 

20 xmt. wi§dmiRxfm2(omiR(Oo-^i^tnti^-y5<D 
m&±i,m^B^mTt^xmt. mmm 1 Rism 2 

[0 0 15] i^ATs :^mm(oimic-oi^xmm-t^c * 
^n±m{hm) ^B^u &^Rxs^(oamciimt^ 

{k-r S $ T-Ogl5T-?g^B©ffii!(^±J6 S c i: !b^T' # S o 
[0 0 16] i&noa^v^tt. saiRiMS i:^co±{cjST 

e A^A# itntf anil < . m^n^rnxLtc^comwimm 

(Young ) <D^tcJ;t):^>j®gB^S*^fi)t'3iL-:3o 
40 y s = y s 1 + y 1 COS 8 

{it. y sttHi* (SaipJll) (Dm^^tls y 1 

(^s) (ommmjj. y s i «@{t-ffifi^ (ei^h-js 
^b) ra©l?ffi^:^T*feSo 

[0 0 I 7] rCT% y 1 COS 9 iiU^^^tl tmitx^ 

cos eti. Si* (Ei^H) Siii*<m^T@{4:-fgrB (Ba 

50 #*e*-^^sfti6!&ntt!b<^<, ffis^aALftiso 
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coo 1 8] Sfc. SKElRiSffiSa/Tf^*;^®^!^. 

flgi5©iiiiffi{i:j>fL^n^nsit:^iRi»c^rB«'?*^iBiS] 

ElRl5J|iJ*^aB)c^n5, S^^W^CfigP 10 
coo 1 9] 

coo 2 0] s-r. aiwsfii i±fc, x-^/^x^-f 
Kb'f'vAx^'i'x ii*sffiRi>*TFT a^-rn 

(0. S/tmSft) ffi;<*SJ:9»c-rSc Mfc, flgiSl 

3 t^^smmt(Dmm<,m^i£ i . 5 mm. cjSp 1 3 1 so 

CO 0 2 1 ] C<7)^S±46fflflgl5 1 3t±. 0!lK.tf^3ttt 

\^ya-hLrmiwiMmm^m^t^o cot^. x 
trt-©i5iig^;&fflsi-r s c t j; 0 . mtmmm 
(Dmm^mmx'tZc ^^ic. ami 3t&ssp^*^x 

CO 0 2 2] mc. as 1 1 ±icmmMjPim 1 4 ^fgfig 

tsiii2i6i)gi sm^u commii^mi stc^t 
CO 0 2 31 ^LT, sfi 1 1 ±tjB^*nfcias? 1 3 50 



^m¥l 1-38424 
8 

/vmmmi 2mi,cmiu{.xi>x<^ mw.\ 1 tm^\ 
ti^m-rji^j^xi,m^^<D7.-<~^^mu i&Mii 7 

1 7 ^^Sf^^tc^a^-a-TiST-r S c i: *WS L 
l^o $fc, <t»)»$L<tt. 04K:a^>-rJ:3li:. nm=: 

m-rsgi55^{c{ifl6©gB»<}; D feST (6-7 %mm 
^ibiz^^Bi i^mTt^o mTt^mmi ^<om^i.. 

B«i 1 tSffil 2i:^a*i^t>-ti:fci:#(CiagiJl 3<D 

CO 0 2 4] ^^{c, X^tfTSfi 1 1 {i:S«i 2^Sfe 
•g-t>-<tT. Slfii 1, 1 2 1 6(ci;»)<gS-& 

2i:©iattHiiH*'!e^<. tfcisai 7^c^^L*n«v^^t 

H^*-rS^itiH[R]M 1 4 . 1 5A<1i6«$nTi.^S<D 
T\ j^Sl 7{ii5g|5l 3^M^S©fc^P^A^3b^)t)^So 

fligP 1 3 tSffi 1 2 tOmmtfO. 5 fim7?fe 
0> agP 1 3 cDfiAM . OmmT-feSfrSt. 1 
7)b^ag|5l 3^a;^.StT-fc^l 05^-F^*>*^So <1<D^ 
JC. Sfil 2±(c«5'x^ia!^a3jg^«l 8*Egb. 
^J1.ia*BS«LT->-;Wl 6 WtS-«rS. CCOt 

dhgPl 3i:~>-;l/*tl 6fc<DP^©^^{cfifS^l 7 
!bmALTl>:*t,><DT% Slil-^t J: OiS^b 1 7*^^ft-r 
SCfc*^|ilS^nS, Sifc, ^B^B±i6fflOgI5 1 3 

^1-^{c<kSffiS 1 7 (D^ft^^lHlJg^tlS, 

CO 0 2 5] ->-;W 1 etiOS^bfeStS 

11,1 2^0IR{f 1 2 OrcDfiaT'6 O^r^jm^tZ 
St<J:»), 7<D3tttt3b<-^W{cfiTb. m2ic^. 

t^^ic. m^Bi mam I s^m^x. amistiy 

ccdhgpi 3i:v'-;u**i 6 tcorao^g^rtich^-yy 

CO 0 2 6] **fiS«DJg»tCfeV^T{4. ^^l^fcv'- 
;W 1 6 t<omicm^B±itm{hm 1 3 ^JBfiEL. figp 1 
3©]l^Rtf^-©OS|5l 3{C«lRlf SS«ffi±tcSiIBa 

iSlM 1 4 , 15 ^JBfiSc-r S<Dr% iSTiiA^tc J: Sffi 

11.1 2p^tc?Sa^B 1 7 ^&Kt^mcm^ 1 7 

1 3 «r^x.T'>-/l/M 1 etPM-rs^T'tc^F^*^*^*-' 
•?-<Diafc:->-;Wi 6*^^fc«{t«-ii:Sc:i:*^T 

#S„ ctitriO. ^gEfbtt^Ov—^rt/^t 1 et^Ss^al 

i^iSncmitnxy&sitT^cttiimmn^. se^ 



[0 0 2 7] sfc. :^mm(ommx'i,i. mm\ imim 

^OJgtifcfevTti. i'-;!'**! 6f:fli«»i 3i:<DH 

@s»3*^ioi±-rSo 

[0 0 2 8] ±a©^<0}g®THiiliIElRlSJfi 
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[0 0 2 9] ^figeiJl tLT. ±I2Ufc?3&tCj;>)?SS 
fflCiSP«-WL*v>?SS«5^v/^^;l/ (@1 l#Bg) «r«fi£ 
10 B^B^/T^/Uwl/ (01 2#BS) ^B^LfCo ^LT. cin 
U S^l^OiSSP (i'-;l/'7l'>'*^P.4. Smm) © 

[0030] 
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3 . 5 ± 0 . 1 


9 7. JJ 


3. 5 ± 0. 1 


9 7. s 

3 7. {> 
9 7. Ii 




3. 5±0. 1 
3 . 5 ± 0 . 2 


9 5 . 
9 7.2 


3. r>iLO. 1 

i 3. 5 ^:(>. I 



[0 0 3 1] c(DSi*^p>B^?>A^^j;9ii:s jyaeiii© 

fco ^©^S, ltefi>!l2©}gS.a^x/^^;H±, S^)^ 

[0 0 3 2] i>;{c, fSB^a±*ffliaa5i:^-n{i:j*iRi-r5S 

OSfiLhtc^^ttHfe^BM (B L A C K 5 1 9 : 0*^ 



40 



50 



<0m^. -fe;!/**^ 3 . 5 /i mIcWLfigP 1 3 OiS^*^ 1 
[0033] ^om. ^ 1 ©Sffi** h h-±{c 

L> 9 0 icosfi-p 4 ^j&uwr^'^mijam^n^ 

Xi'T'^X+^'^'L. ^^1-^^3 0 OmJ/cm' <0X 

[ 0 0 3 4 ] . mt^m^mmmicn Lmfmm^ 

2 0"C©SST'3 05^ra«}tL. ffiB^ltftfflflgP^m 

•r5<aiM^*lg<b^-li:/i:o *^0<J 1 t LT. ^ 1 

Mi^JC^EEf^K (R N - 7 8 3 : B&(tMm) ^JPfiR 
t ^ STFaAjitc J: 0 m 1 RtfS 2 0«fiOiafc?Biffl 

(M J 9 5 7 8 5 : ^mXLtco ^LT, G 

gp t ^ 2 costs t<ommt m^aomiMs. tomm^m 
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[0 0 3 5] sfc, m^mztLx. asposffiRa*^ 

f«B^B (M J 9 5 7 8 5 : yi/l^M) ^MAbfc„ 

t. COfiSPOJtlRiEtCTk^ffilS]^ (S E - 7 7 9 2 : 
Bfifk^i!) «:JgfiKL. SS^OF^fcS^ra (MJ 9 5 7 8 

[0 0 3 6] ^t5. Ml^m 1 Rr/H^CTstcoi/^ra. 

ElRlH^M^ Lfcm. 2 0 0 iC«»fiaT' 6 0 5^ 

mmLxmmm^mt-^'^rco cn^<omim i ~3 
«Lfcii8f5ij3ti:i3i/>Tfe. mFB±ii)m&sitmz(Dm 

tSfcOF^d* 0. 5 /i m t LTfeJS^B^OlttilJtattl^) 1 

[0 0 3 7] -ys^ as^Rif^(DnmmicmwMi^m^ 

0. Sumtt^t. m^OWSm&lii. 0 . 1 mtn/^J- 

c<Dmicm^m^mmc.X'm-yxm9\-m^miu 

-jiu^mit-t^-itzctti^xt^o 
m2(ommomm) 06 (a) . (b) «*fgH^(Dii 

feSo 06 (a) 

Rtffli^Sli^^L, S6 (b) lt^^WMt-y—)V^ 

[0 0 3 8] si*> mmmil ^±^c. x-^f/^x^-r 

ti^/T^-^-f) ^Jgfig-rso ^(om. m. 1 1 ±icmtt 
mm^m^u mmtimKii 1.75 /tm<D®)ttt«fii 

IK^>gfi)ct-5o "torn. 7*hyv^77-<'}£lcJ:*3!i 
a. X--<— 9-fflaSP2 1 aRQf^flg±Ji)fflfiSP2 3 a^: 

r^o Ef5l^^SJffliaSP2 2 al±, 06 (a) {C5^ 
lR!li2 4«:m^&-rS. 
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[0 0 3 9] ~ys. mmmnRi 2±{c, y^-y^'-^hu 

^m\ci;iy)mmmmm^f^^--y'^'\.x. saipi 
muMzzhnimm-^o '^\.^x\ ssi 2±{cSiiE 

(q]^2 5 ?:fl5fi!c-r'So 
10 [0 0 4 0] 'kliC^ 1 1 ±fc>'-;U-7'r^'tC)'p't>T 
G^mtpX.. m^Bl 7^igTLfdS. Sffil 

1 {cSK 1 2 ^Sfe^to-fr, mm 11.12 {cffiS?: 
tl£«!l^-<i:-g.i:i:ttc, i/-;l/ttl 6{c<fc»?Stgi 1 fcS 
«l 2i:^Mjg^-rs, ii(Di:t. g^ffi^T-tiSffil 

iiiox'<;— 9-fflaaP2 1 atssi zmo^T.^-^^ 

(!igi5 2 1 bi:(D]lg|5>!)^SgU. iin{i:<i;»5-b;l/Ji*^-S 
©F^H (3. 5^m) (c*i}f^n^o ffc. f^^i\^mu 
T'tt, jg^±J6ffl(agP2 3 a. 2 3 bA^^g-T^Hut® 
ai 7*^COOgl52 3 a, 2 3 bStaiALTfe. flgP 
20 .2 3 a. 23b OlMSPfcfi^ttElqlJl 2 4. 2 5 A^J^fig 

[0 0 4 1] 'Jk^^x\ wf^m$.^mo i± 
;Wi eWkS'^s. *<D^> 7f vhatr-yi^ffls 

?SB^B^^x/^*;l'{ct5V>T{±)gS^)-?3b^B2[Rl^^|iJfflflg|52 

2 a. 2 2 bOM^ffitcSttS^riqlfilElPl-rSOT. 
30 gP2 2a, 2 2 b^ttA.T'ffiB^B5^?<DE|qj:)5r|q|ft^ffla 

[0 0 4 2] *^flSOJ]^ffi{C*3l^T«, aS^MIIItv'- 
;l/t* 1 6 t<omcWi^±}bm{h^Z 2a, 22b 
U CtlP.<D^^a±*fflGa52 2 a. 2 2b{CJ;t)->- 
1 6*^e!<fc-rSST'fSrB 1 7 tiz-JlU 

mt^ch^m±.t^<r>x\ \ imc^Wi^i3m\:> 

l'y±lcX'^— 9-ffli!ig|J2 1 a. 2 1 b^SfiScU Ctl 
e)CDflgP2 1 a, 2 1 b(£:iD-t;l/JP^-^tc»i^-r§ 
40 ©1?, fif*<D<J:3tc«}gXttP3ttt»c©X'^— 9-«r«^pf 

EiRj^j-iUfflaas 2 2a. 22b (omm^Mm lteiri 

fc. CtieoBHffili^l'JffliDigPZ 1 a. X'^— 9-fflagP2 
2 aRtfaH^±i6ffldig|5 2 3 a^HBSlcJgfigU g2|ql5^ 

i'jfflagP2 1 b, x-^— 9-ffltagP2 2 hmswL^B±.tbm 
OSS 2 3 b*i^^t}g^-rso-e, laisia^'fiiisft:? 

[0 0 4 3] JWT, *llfifiOfg®{cj:f)j|fgfc^Sa«55 
50 v^*;l/;&}gfigL. ^©Ss^ttSlf-t^l/JlOtf 
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(ois^tci. . sffi 1 1 moym^mciit^ti^ 5 fi m© 
liffiAM 0 /imcix--^— y-fflfigpz 1 a^mf^mcm^. 

S±Affld!igP2 3 a^JBfiSLft (0 7#M) o 
t^^±tt>m£h^2 3at<Dmmitil. SmmT-^^So 

[0 0 4 4] a^®)iJRt;}ss±4?)fflif!j«S2 3 a<omm 

tcSgffilR]® (JALS-644 : H*^B£rrA^) 
CiRg9]»]ti:J:*)^*bfc:, ^©m. 8 oroSaT-Z^j' 

F^JnfiLT^iiSlt^-tJ^cm. zooxoSfiT-eo^J^ 

1 lifflfcl^tttcLT. X'^— 9-ffliagi52 1 b. E(qliJ-SJ 

[ 0 0 4 5 ] s« 1 1 <oa^^«±t***ajss (m j 
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9 5 7 8 5: ><;U^/S) m^mm~fU «« 1 2*S 
ta-&t)-B:T. S«i 1 tSffii 2i:^J— 6fc<fc 

[00 4 6] c n^<om^&i 2 Rt;tfc«iBiij 3 ©js^bS^ 

[0 0 4 7] 
[«2] 




r 




3.5 + 0.3 95 >J i 3 . 5 i: 0 . :i 



« 7. li 



il T . 5 



[0 0 4 8] c©«2y!>^ew^*^*<k9K:> mmm2T 

^gijffliagptej: f) ± 0 . 3ii m©-b;l/)f »f ?.o#A^!SI^ 
Lfco cna, tt«J0«3T*tt;^'<-iffcj;»)''^^;i'*3£ 

LTl/^Sfcft. 0 8 {c5^-ri: a fc85lRl5^-f JfflflSP 2 2 
a. 2 2 bfi:X'^-+l-2 6A^SD±tfT. -tr/HPOlfe. 

fifiJ3©?SB^«/T^/^:t-;l/T'{i. «5^^^gl5lc*5itS«E 

«it^*^^«»j2tCtb'^T2. 3%t.fgTbTV^So c 

[0 0 4 9] WTv SJtlt^lilc J: D^fiKStiScaas© 

So ffi^tlSS^fflSaPv'XhHR C - 1 3 5 (B*-&fi)t 

iS:&200mJ/cm' ©x:^;U4^-T-^Lfeo 50 



[0 0 5 0] S^«liKtcWLJl»«lS«:ai 

LTagP^J^fiSt Ltm. mnm^ 300mJ/cm' © 
j:^^;l/4i^-T'HgWrSd?XhS)te«:ffV\ '>tV^T'2 0 0 

^©ssT'eo^ra^ifrs*!^!!:*?^^^. <i©affi 

i:©M^^^fflO^TiB^fc„ ^©^m, 09 (a) tc^f 
J; 3 fc/^^Jf-i^x-y S/©T-/^-ffija(±. X— ifi*^ 
2. 5 Jim. ^ft*^l^3 0* T-feofCo ilO^m*^ 
e.. E|qj5^iJffli!]ia5©i|g:& 5 M mj-xTt-rs CtlcH 
0, 09 (b) {c^-rj:9tc. mmcw-iatji^^ii'irfx,^ 

5o sfcv 09 (c) (c5^-r<fc7t, x-^— y-fflflgp© 
♦g^i 0 fimtt^ctic^*). mmcw-isri^^ 

[00 5 1] 

[^©^am] t;U:i!iRltfci3{c, *^ic<tntf, 
c ©agp©]igi5Rt>* c ©figpfc W(Ri-r 2 ©ssB t 

^iIBH[R]M*^ltTV^S©T\ miS,t?S2©Sffi5ra 
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[0 0 5 2] ttc. ±ti<Da^ (.m^a±.tbma^) <om 
[04] ^B^B©jrF{sg©fik©p;&^-r^s:0T-^5„ 20 

[05] ffiSIJA^JCtelJSflgPT'OiSfaOffitijiS^ 
[0 6 ] if%m<DW, 2 (D||J|s«D}Bffi(D«S«3^/^*;I/© 

[07] m2o*i£<Dmtcioi^T. Baisi^^iijffliagp, 

S0T*a55. 
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[08] wii^^nmcMKT.^-'^tm.'oij'ftzms;^ 

[010] WFT&xm^i^^WL^Um'^^^)\^<o^l5^ 

[011] iaTaAi£ti:<fct)MB^BS^P''^*;KOSjfi;i5ffi 
«r3^t"»fffi0-p^?). 

[012] m^Btiy-)m<r>t^m^mit\^tcm^^ 

[013] ffiBl,i:i/-;UM©Sffl^B8±LfcfSB^B^S 

[??F^OUJ0^] 

11. 12, 31. 36 

13. 2 3a. 23b rS^±«)fflOSP 

1 4. 1 5, 2 4, 2 5 MitiBlnlll 

16, 33 iy—JVU 

17.35 ?£^B 

1 8 JiJfcffi 

2 1a, 22b X'^— 

2 2a, 22b ElRl^llJfflCigP 

2 6. 3 4 X'^— 9" 

3 2 m^wM 

3 8. 39 a fmM 
39 b ttttX-<— 9- 
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